Recently, human adenovirus type 3 (HAdV-3) has become the most isolated HAdV worldwide. Restriction endonuclease analysis of globally isolated strains of HAdV-3 has uncovered 51 genome types to date. Information on the genome type is important to the epidemiological study of HAdV-3. In this study, analysis of 75 isolates of HAdV-3 collected over a 24-year period in Fukui revealed: (1) the emergence of three novel genome types (HAdV-3a52, HAdV-3a53 and HAdV-3a54) and two known genome types (HAdV-3a and HAdV-3a54); (2) the spectrum of diseases caused by individual genome types and their major involvement in the paediatric age population; and (3) the co-circulation and replacement of genome types as a usual phenomenon. The rising number of HAdV-3 genome types indicates that the genetic variation of HAdV-3 is more than other HAdVs. Considering the clinical importance of HAdV-3 infection, its genetic diversity underscores the need for its continuous surveillance and genetic characterization.
Human adenovirus type 3 (HAdV-3) is an important agent of respiratory tract infection (RTI), pharyngoconjunctival fever (PCF), epidemic keratoconjunctivitis (EKC) and gastroenteritis. It also infrequently affects the central nervous system [1] [2] [3] [4] [5] . RTI caused by HAdV-3 often manifests as outbreaks of acute respiratory disease among military recruits. Young children and neonates are the target of nosocomial as well as community-acquired pneumonia, with severe morbidity and even mortality [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . For the last few years, there has been increasing evidence that HAdV-3 has become the most isolated HAdV worldwide and is responsible for recurrent outbreaks of RTI as well as sporadic infection, especially in Asian countries [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] .
HAdV-3 strains isolated worldwide are genetically variable and are known to be genome types or genomic variants based on analysis of their restriction endonuclease (RE) cleavage pattern. To date, 51 genome types of HAdV-3 have been reported [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] . It has been observed that the degree of virulence of HAdV-3 is variable among genome types [11, 38] . For example, the genome types HAdV-3a17 and HAdV-3f cause 3.6 and 50 % fatality, respectively, while HAdV-3a13, HAdV-3a14, HAdV-3a15, HAdV-3a16 and HAdV-3a18 are not fatal [11, 30] . Thus, it is important to determine the genome type to track a specific strain of HAdV-3 and understand its incidence and prevalence, circulation in a country or worldwide and geographical distribution to determine possible targets for intervention. Most genome typing studies of HAdV-3 are based on respiratory or ocular isolates and are conducted over a short duration. Therefore, the spectrum of diseases caused by individual genome types of HAdV-3 and chronological changes of genome types are not well documented. In this study, a total of 75 HAdV-3 diverse clinical isolates collected over a 24-year (1988 to 2011) period in Fukui, Japan were analysed. For genome typing, our newly developed quick and cost-effective RE analysis method was applied [38] . The isolates were grown in an A549 cell line in 25 cm 2 tissueculture flasks, and viral DNA was extracted with the High Pure Viral Nucleic Acid Kit (Roche, Germany). DNA was digested with BamHI, BclI, BglI, BglII, BstEII, EcoRI, HindIII, HpaI, SalI, SmaI, XbaI and XhoI [38] . Genome types were assigned following the genome type denomination system described previously [26, 39] . Initially, genome type discrimination was performed based on the distinct BamHI profile. The designation 'p' was used for the prototype and a, b, c and so on for subsequent variants. Additional REs were used for the final determination of genome type. If a new profile was identified, it was designated as a novel genome type. RE fragment profile analysis discriminated five genome types, HAdV-3a, HAdV-3a2, HAdV-3a52, HAdV-3a53 and HAdV-3a54, from the 75 HAdV-3 isolates. Among these, the genome types HAdV-3a52, HAdV-3a53 and HAdV-3a54 were novel. The other two genome types, HAdV-3a and HAdV-3a2, were described previously [26, 39] . All isolates showed a restriction pattern of '3a' for BamHI. Briefly, (i) 47 strains (62.7 %) isolated from 1989 to 2011 were identical to the restriction pattern of HAdV-3a when digested with BclI, BglI, BglII, BstEII, EcoRI, HindIII, HpaI, SalI, SmaI, XbaI and XhoI, and the genome type was designated as HAdV-3a; (ii) 14 strains (18.7 %) of HAdV-3 isolated from 2002 to 2005 were designated as HAdV-3a2 according to the previously described restriction pattern of BclI, BglI, BglII, BstEII, EcoRI, HindIII, HpaI, SalI, SmaI, XbaI and XhoI; (iii) five strains (6.7 %) isolated in 1988 showed a novel restriction pattern with BstEII, and the genome type was designated as HAdV-3a52; (iv) three strains (4.0 %) isolated in 2003 and 2005 displayed a novel restriction pattern with BclI, and the genome type was designated as HAdV-3a53; and (v) six strains (8.0 %) isolated from 2004 to 2006 showed a novel restriction pattern when digested with BglII, and the genome type was designated as HAdV-3a54 (Fig. 1) .
The spectrum of diseases caused by the different genome types of HAdV-3 include RTI, EKC, PCF, meningitis and herpengina (Table 1) . Overall, 75 % of the isolates (n=56) were responsible for infection among the paediatric age group, and RTI, EKC and PCF were the common diseases. HAdV-3a and HAdV-3a2 were primarily responsible for EKC and RTI, respectively. Interestingly, these two genome types were also associated with aseptic meningitis. All three novel genome types (HAdV-3a52, HAdV-3a53 and HAdV3a54) were isolated from cases of PCF. EKC and PCF are common diseases caused by all of the genome types except HAdV-3a53, which only causes PCF (Fig. 2a) .
In this study, chronological changes in the genome types were observed during this 24-year period. The novel genome type HAdV-3a52 was the only genome type isolated in 1988 and was not reported thereafter. It was replaced by HAdV-3a in subsequent years. Overall, 63 % (n=47) of all isolates were HAdV-3a, which circulated intermittently as the (Fig. 2b) .
Over the last few years, HAdV-3 has become the major agent of acute respiratory infection worldwide, encompassing 32 to 78 % of adenoviral respiratory infections [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . Infection by 
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NB: URTI, upper respiratory tract infection; LRTI, lower respiratory tract infection; EKC, epidemic keratoconjunctivitis; PCF, pharyngoconjunctival fever; AM, aseptic meningitis; H, herpengina; ND, not diagnosed. CS, conjunctival swab; NP, nasopharyngeal swab; (-), not isolated.
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HAdV-3 causes significant morbidity and increases health care costs. The infectious agent surveillance report of Japan revealed that HAdV-3 has remained a commonly isolated type of HAdV over the last 30 years (1981 to 2010) [40] and has appeared to be a source for novel genome types (HAdV-3f to K) [31, 37] . Furthermore, globally distributed genome types HAdV-3a, -3a3, and -3c were also reported from different parts of Japan [31, 37, 41, 42] (Fig. 3 ).
The present study revealed key findings about the HAdV-3 genome types. First, three novel genome types, HAdV-3a52, HAdV-3a53 and HAdV-3a54, have emerged in Japan. Second, individual genome types of HAdV-3 are responsible for a spectrum of diseases and mainly affect the paediatric age group. Third, co-circulation and replacement of genome types are typical phenomena. Finally, while the distribution pattern of the novel genome types (HAdV-3a52, HAdV3a53 and HAdV-3a54) were restricted to a microenvironment, HAdV-3a and HAdV-3a2 were globally dispersed [26, 28, 33, 35, 39, 43, 44] .
Since its original isolation in Poland and China in 1958, HAdV-3a has been circulating globally [33, [43] [44] [45] [46] [47] . From the present study, it is obvious that HAdV-3a has become the most prevalent genome type in Fukui and has been circulating for 23 years (1989-2011), when HAdV-3f was prevalent in other parts of the country [42, 46] . This implies that in this micro-environment, HAdV-3a might be the most fit among the different genome types as it has been found throughout the protracted 24-year period. HAdV-3a2 was the second most prevalent genome type during this study period. HAdV-3a2 is a virulent genome type that was detected for the first time in Japan and was associated with a variety of diseases among the paediatric age group in Fukui. Since its first isolation in China in 1962, HAdV-3a2 has been circulating globally [26, 35, 39] . Outbreaks of RTI by this genome type among infant and young children with serious outcomes have been reported in the USA and Taiwan [48, 49] . In addition, it was a dominant genome type in the USA from 2004 to 2007, with 36.9 % infection among the civilian population, and was also an important genome type recovered from a military trainee with RTI [28] . The novel genome types HAdV-3a52, HAdV-3a53 and HAdV-3a54 emerged 8 years after the isolation of HAdV-3a50 and HAdV-3a51 in the USA [28] . All of these types circulated in Fukui for a short time, and there has been no report of their isolation thereafter. In conclusion, the growing number of genome types of HAdV-3 highlight the genetic variation of HAdV-3, which is more than that of any other type of HAdV. Thus, the appearance of new HAdV-3 genome types is epidemiologically significant as they can reappear in a more virulent form (e.g. HAdV-3a2) and can spread into new geographic areas. Considering the clinical importance of HAdV-3 infection, its genetic diversity underscores the advantages of its continuous surveillance and genetic characterization. 
